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Abstract ... • •'••• v -- - ". v.-.-; •:• 

It has been previously documented that the thcnnolysinrdigest of VKatsuo-busruV, a Japanese traditional food processed 
from driecl booi to possesses potent inhibitory activity against angiotensin I-converting enzyme (ACE). Tljie present authors 
isolated eight kinds of ACE-inhibitory peptides from id Of these isolated peptides, LKPNM (IC ^ » Z4 p.M) was found to 
be hydrolyzed by ACE to produce LKP ftC^ = 0.32 ^ with 8-fold higher ACE-inhibito^ acdyity 
^ptide pir IJ^NM, suggesting that LKPNM can be re^krded as a procfog-type XCE-inhibitory peptide. For assessment of 
relative anUhypertensive acuviiies of LKPNM and LKP to that of ca^opril.'thby Were orally ao^nistered to. SHR rats to 
monitor dnnie^urse changes of blood pressures, whereby : it was evidenced tharb^ 

decrease of blood pressure 4 h after oral administration and their efficacies lasted until 6 h rx>st-administratioij/ ln sharp 
contrast, however* maximal reduction of blood pressure occurred as early as 2 h after adniinisiration of LJCP. Minimum 
effective doses of LKPNM, LKP and captopril were 8, 2.25 and 1.25 mg/kg, respectively. When compared on molar basis, 
antihypertensive activities of LKPNM and LKP accounted for 66% and 91% relative to that of captopril. respectively, 
whereas in vitro ACE-inhibitory actiyiues of LKPNM and LKP were no more than ,0.92% and 7.?3% compared with that of 
captopril (ICy) = 0.022 u.M). It is of interest to note that both of these peptides exert remarkably higher antihypertensive 
activities in vivo despite weaker in vitro ACE-inhibitory effects, which was ascertained by, using captopril as the reference 
drug. © 1999 Elsevier Science B.V. All rights reserved. 

Keywords; Angiotensin I converting enzyme inhibitor ^ 



1. Introduction 

Angiotensin I-con verting enzyme (ACE) convert^ 
angiotensin I to angiotensin II known to be a strong 
vasopressor, besides inactivating bradykinin con- 
ducive to lowering blood pressure (Ondetti et al., 
1977). Eventually, it is well known that ACE in- 
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hibitors' exhibit antihypertensive activity in sponta- 
neously hypertensive rats (SHR) or hypertensive pa- 
tients (Catee et al. t 1978). Recently, attention has 
been 1 focused on various ACE-inhibitory peptides 
derived from casein (Maruyama et ai., 1985, 
I987a,b), fish muscle (Kohama et a!.', 1988; Suetuna 
and Osajima, 1989), and other proteins (Oshima et 
al. t 1 979; Maruyama et al M 1989). Previously, we 
found the thermolysin-digest of dried bonito to posses 
potent ACE inhibitory activity, culminating in our 
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isolating eight kinds of peptides from it (Yokoyama 
et al.. 1992). Out of these peptides, LKPNM showed 
long-lasting and dose-dependent antihypertensive ac- 
tivity after oral administration in SHR rats. The 
pr^ese^ unique profiles of LKPNM 

(^pa^^^^'thbse of captopril, a commercially 
available hypotensive agent. Antihypertensive activi- 
ties of the thermolysin-digest of dried bonito cbnfcainr? 
ing LKPNM Weire also examined in SHR rats and; * 
hypertensive subjects. J / ' JS ' 



2. Materials and methods . ,,. t , . 7y . 

2.L Materials h 

Rabbit lung acetone powder ^nd , captopril were 
purchased from Sigma while hippuryl-msUdyl- 
leucine (HHL) was purchased from Peptide Institute:- 
Peptides were synthesized accwdirig to >-Br>c method 
(Biosearch SAM TWO). 

2.2. Animals and hypertensive and borderline hyper- 
tensive subjects 

SHR rats at 16 to 25 weeks of age^ weighing 200 
to 350 g were employedQ * ■■■ : ^(^\ y-:^^^-/^:. '^-..-.i -o w 

In cA^^sii^, ^enroli^" W 
airnpnsing liypb 
subj^; "who^; Mo^^iSpM^irM 
dard ^The j^;^ 

rnittee on I^tecti^^^ of 2 

High Blood; Pressure; JNG-V (SBP > 130 mm Hg 

and DBP >; 85 mm HgX \r^.y^:^ v; 

2 3, Medstitetne M of ACfa - -y> 

"ACE inhibitory^ ^tivity" was determined by the 
method reported by Cushman and Cheung with mi- 
nor modification by Yamamoto et„ al. 0989) ,^d 
expressed by IC^. Stability of the peptides against 
ACE was investigated following preincubation of the 
peptides with 28,8 mU of ApE at 3?°C for 3 h. 

2.4, DeteminaHon q : 

After intravenous administration of peptides and, 
captopril, their antihypertensiye activities were deter-r 



mined as follows: SHR rats were anesthetized with 
a-r>chrolarose (40 mg/kg i.v.). Peptides and capto- 
pril, respectively dissolved in saline were, injected 
into femoral vein using a catheter, folio wd^by deteir- 
rhination of carotid artery blood pressure ■Witti^a 
pressure transducer (Spectramed Medical JI^ucu); 
On the other hand, following oral admiriisu-adon qf 
peptides and captopril dissolved in saline via V gas- 
k trie \ : metal ^ zbnde, antihypertensive activities were 
: ; al^ me^uxecl by the tail cuff method using UR-5000 
(Ueija Seisakusho).; 

*P a clinical study, blood pressures and heart rates 
in the enrolled subjects were deterrmned by sphyg- 
momanometer. / 



3. Results and discussion 

hh ^ff 0 ^ fU^^* 7 ?^, ^w^'Aype^enj/uc activity aftet 
oral administration . , 

-For comparative purposes, we isolated ACE-in- 
hibitory peptides from the thermolysin-digest of dried 
bonito, chicken muscle and the peptic digest of 
ovalbumin. Although these peptides from different 
sources had apparent ACE-inhibitory activities, some 
of them failed to show meir ahtmyperterisive activi- 
ties after oral administration in SHR rats (Table 1). 
We hbtic^ th^^ 

apparent ACE-irihibitbry Activities in the assay used 
... ^r;u^e >creen^ 
peptides into three, jF?uP$ as ^ follow^ on the 
fates observed after preincubation with ACE. 

(1) Inhibitor type: IQ^ yajues.of peptides are not 
affected despite of preincubation with ACE, As a 
natural consequence; these peptides still possess anti- 
hypertensive activities even after oral administration 
in SHR. '-• - - • • 

(2) Substrate type: Preincubation with ACE is 
associated with elevation of IC 50 values of peptides 
because ACE (iegradates peptides of this type as its 
substrates. 

(3) Prodrug-type inhibitor: Once incubated with 
ACE, these peptides are converted from substrates 
by hydrolysis to their true inhibitors indicative of 
smaller IC M values against ACE relative to those of 
the parent peptides. These peptides are characterized 
to exert long-lasting antihypertensive activities after 
oral administration in SHR^ 
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Table 1 

IC50 for ACE and antihypertensive activities of peptides 
peptides' 



Substrate type 
FKGRYYP 
FFGRCVSP 
ERKIKVYL 

Inhibitor type 

IY . : 

LW 

IKW 

1KP 

LKP 

IWH 

Prodrug type ; 

LKPNM 

IWHHT 



Origin . 



' Chicken 

OVA 

PYA 



Bonito 
OVA 
Chicken 
.Bonito 
Bonito 
Bonito 



< Bonito 
Bonito 



ICjo (»iM) 



- Preincubation 



5 8 
0.4 
U 



2.31 

6.8 

0.21 

6.9 

0.32 

3 .5 ; 



.2.4. 
5i 



+ Preincubation 



34 
4.6 
6.0 . 



1.9 

6.6 

0.18 

3.4 

032 

35 



976 

is 



A Blood pressure in SHR rats 
by p.a* (max, AmmHg) . . 



0 
0 
0 



-19 
-22 
-17 
-20 
-18 
-30 



-23 
-26 



2h 
2b 
4h 
6h 
4h 
4h 



6h 
6h 



Decrease of systolic blood pressure in SHR (60 mg/kg.p.o). 



Qurposifo^ ^M) as a 

typical prodinig-typc inhibitor^ derived frctii 
the thermoiysin-digest of dried bonito can be sus- 
tained, given the findings that LKP (IG^ = 032 
p.M) is obtained by hydrolysis of LKPNM with 
ACE, besides exerting 8-fold higher activities than 
those of the parent LKPNM. 

3.2. Antihypertensive Mipiihs.pjfX^^M 9 LKP and 
cap top 



3.2. L After Intravenous administration 

Antihypertensive activities of LKPNM, LKP and 
captopril were examined following; intravenous ad- 
ministration in Sprats. Blood pressure was low- 
ered by 30 mm Hg aftet intravenous injection of 

Table 2 ' I 



UCPNM at a dose of 100 ^g/kg white LKP at a 
M^g/)& y the ktive fc^ pjT iukPNM 
reduced bipod jr^^re I J>y '^^H£, Suggesting 
moree^ 

ti v w *° in a dp^^epehdent manner, in both 

cas^s. Reduction of systolic blpodl pressure by 50 
mmHg required ^3%g/k^ 30.7 
M-g/kg Pf LKP whereas the equipotent dose of cap- 
topril was 3. > jxg/kg. In summary, ahtihypertensi ve 
potencies of Lia>NM and LKP after intravenous 
injection accounted for only 1 1.0% and 19.8% com- 
pared to that of captopril on molar basis (Table 2). 

3.2*2. After oral administration 

Antihypertensive activities of LKPNM and LKP 
were investigated following otk\ administration in 



Sample 


ACE inhibition 


Antihypertensive activity 








ICjo 
(^M) 


. Relative 
■ Activity ■ 


Lv.' 


Relative activity 
; (molar) ; \ 


P .o.> 
(mg/kg) 


Relative activity 
(molar)' 


Captopril 
LKPNM 
LKP 


0.022 

2.4 

0.3 


100 

0.92 
7.3 


3.7 
94.3 
30.7 


100 
11.0 
19.8 


2.5 
10.5 
4.2 


100 

66.5 
90.6 



Amount of samples to decrease SBP by 10 mmHg. . 
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SHR rats. As shown in Fig. la, LKPNM lowered 
systolic blobd pressure dose-dependently after oral 
administration, with its minimum effective dose, be- 
ing 8 mg/kg. Maximum reduction of blood pressure 
by LKPNM occurred 4 h after oral administration 
and such efficacy persisted even after 6 h. 

The same was true in reducing systolic blood 
pressure after oral administration of LKP f with its 
minimum effective dose being 2.25 mg/kg. Maxi- 
mum decrease in blood pressure by LKP was ob- 
served 2 h aifer oral administration, and the blood 
pressure wai£reverted to the basal level within 6 h 
post-adrninistration (Fig. lb). Viewed together, it is 
evident that LKPNM exerts long-lasting antihyper- 
tensive activity compared with LKP. It is conceiv- 
able that such different profiles of these peptides are 
attributable. to the time. required for adsorption of the 
longer peptide and also the time lag for enzymatic 
conversion of LKPNM into LKP by AGE in vivo. 

Captopril lowered systolic . blood pressure after 
oral adcinistraUon and its rnlnim^ 
wasf V^ iti£^kg XRg. 16). Maximum decrease in 
blo^ pr^ 

oral adnunisoatkm. Reduction i of syitolic blood pres-. 
sure :Cby m 'acuTuwsu^ti of 

LKPhTM, L*&^ 

4.2 ing/^ and 2,5 mg^ ^ ; 

TaWe2sufn^^ 
ities and iii vivo arit^ of 
LKR^, tkP and captopril on molar basis in SHR 



rats. ACE-inhibitory activities of LKPNM and LKP 
were as low as 0.92% and 73% relative to that of 
captopril (IC^ = 0.022 jjlM). In in vivo antihyper- 
tensive assessments, the potencies of LKPNM and 
LKP after intravenous administration accounted for 
only 1 1.0% and 19.8% compared with that of capto- 
pril whereas the counterparts after oral administra- 
tion were remarkably elevated to 66.5% and 90.6% 
compared with that of captopril, respectively. Inter- 
estingly, ICs, values of LKPNM and LKP were 
much higher than that of captopril; however, these 
peptides showed antihypertensive activities compara-; 
ble to captopril after oral administration in SHR rats. 
All of these findings indicate that ACE inhibitors 
derived from food protein possess higher ; ur vivo 
activities than the efficacy levels extrapolated from 
in vjtro.activities. Considering labk of both vasodilat- 
ing activity and inhibi 

ddpeptidase (data are not shown) of LJCPNM and 
LKP, we might attribute these unique properties to 
higher affinity of tte^ i^tides to tisWe^ai^ ;sl<wer 
elimination than old captb^il^ a synthetic cornpound^ 

5. if. Antihypertensive } activity ; of thermolysin^digest , 
of dried bonitoin SHR rats and hypertensive suth 

jeCtS .V \*. " '.;:;)>.[ ... pi-uy/'- /■ : 

3.3.L After long-term administration in SHR rats 

After Ipng r term administration for 7 weeks, the 
thermol ysin-digest of dried bonito suppressed eleva- 
tion of systolic blood pressure in SHR rats dose-de- 



(A) LKPNM 



(8) LKP 



{Q Captopril 




0,2 4 6 

Time after Administration (h) 





Control \ - 






\ T ' y Jx * / 


^— 2,25 mg/kg 






AS mg/kg 


— -1 


\/ 9 mg/kg 




0 


2 4 


6 8 



Time after Administration (h) 




0 .' 2 4 6 

Time after Administration (h) 



Fig. 1 . Antihypertensive activity of LKPNM (A), LKP (B) and captopril (C) after oral administration in SHR rats. Changes of systolic blood 
pressure from zero tine were expressed with mean ± S.E * , * * indicate significance against control (* P < 0.05. • * P < 0.01 ; r-test. 8 dj. ). 
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pendently. Following 5-week administration, eleva- 
tion of systolic blood pressure was significandy in- 
hibited by the thermoly sin-digest at a dose of 15 
mg/kg/day while the difference from those in the 
control group reached 23 mmHg after 7 weeks. In 
the meantime, after a single oral administration of 
the thermolysin-digest at a dose of 50 mg/kg t sys- 
tolic blood pressure was significantly lowered in 
SHR rats, with maximal reduction by 22 mmHg 
(P < 0.01) in systolic blood pressure being observed 
6 h after administration. Given these findings ob- 
tained either in long-term dosing or in a single oral 
administration, long-term ingestion lowered the min- 
imal effective dose of the thermolysin-digest to 1 /33 
compared with that after single oral administration. 
The thermolysin-digest o contains LKPNM, the pro- 
drug-type ACE-inhibitory peptide characteristic of 
demonstrating long-lasting antihypertensive activity; 
therefore, it is conceivable that this peptide might 
play a role in reducing the minimum dose as evi- 
denced in the long-term administration study. 

33.2. Antihypertensive activity of thermolysin-digest 
of dried bonito in hypertensive and borderline hyper- 
tensive subjects 

After 4-week observation period, 30 subjects were 
assigned to two groups to receive digest either by 
ingestion (3 g/day) or by non-ingestion for 8 weeks, 
and then crossed over for another 8 weeks. Ingestion 
of the digest lowered blood pressure in the first 
ingestion group by 12.7 mmHg, with the effective 
ratio being 60.0%. The digest also reduced blood 
pressure in the latter ingestion group by 12.4 mmHg, 
with the effective ratio accounting for 66.6%. 

4. Conclusion 

LKPNM is the prodrug-type ACE inhibitory pep- 
tide derived from the thermolysin-digest of dried 
bonito. Following hydrolysis of LKPNM into LKP 
by ACE, an 8-fold augmentation in ACE-inhibitory 
activity was observed. LKPNM showed almost the 
equipotent antihypertensive activities to captopril on 
a molar basis after single oral administration in SHR 
rats, besides exerting long-lasting antihypertensive 
activity comparable to captopril. In a small scale 



clinical study, the thermolysin-digest of dried bonito 
evidenced long-lasting antihypertensive activity after 
oral administration in hypertensive and borderline 
hypertensive subjects. Incidentally, this digest called 
"Katsuo-bushi oligopeptide** has been officially ap- 
proved as Foods for Specified Health Use by the 
Ministry of Health and Welfare in Japan. 
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